Plasma membranes have been isolated from calf eye lens fibre cells. The purified fraction is chaiacterized by the occurrence o f a laige number of junctional complexes. The cholesterol phospholipid ratio is approximately 0.7, a value in between the values reported for erythrocyte ghosts and liver plasma membranes. Specific membrane protein components have been separated electrophoretically from structural lens proteins.
The eye lens has a number of unique features which makes this organ most suitable for studies of cell differentiation. The main cellular constituents of the lens are the fibres originating from the epithelial cells which exist as a monolayer. During the process of differentiation most of the cellular organelles disappear with exception of the plasma membranes surrounding each individual fibre. The lens, therefore, is one of the best sources for the isolation of plasma membranes since the fibre cells have a high surface-volume ratio (Waley, 1970) .
When a lens is dissolved in an aqueous solution by stirring, an insoluble fraction remains containing the so-called albuminoid (Mömer, 1894) . Up till now not much attention has been paid to the membranes which are present in the water-insoluble fraction. All attempts to isolate lens membranes have been so far restricted to the fraction which remains insoluble when the albuminoid is extracted by guanidine or urea (Dische et al., 1969) . The present paper is dealing with isolation and partial characterization of the water-insoluble plasma membrane-rich fraction from calf lens cortex.
MATERIALS AND METHODS
Calf eyes were obtained from the slaughter house and transported on ice to the laboratory. The lenses were isolated and the epithelium and capsula removed. From the remaining tissue only the cortical region, being approximately 50% of the total lens wet weight was used. Lens tissue (120 g wet weight) was suspended in 200 ml 1 mM NaHCOg + 1 mM CaCl2. The mixture was homogenized in a blender atlow speed for 1 min. In a number of experiments the homogenization was carried out in an all-glass Potter-Elvehjem tissue grinder. The homogenate was diluted with 1 mM NaHC03 to a final volume of 1.5 liter and kept for 5 min in ice under occasional stirring. Thereafter the homogenate was centrifuged in the GSA rotor of a Sorvall Model RC 2-B centrifuge at 7000 £ for 20 min. The supernatant was decanted and the sediment resuspended in 1.5 liter 1 mM NaHC03. The washing procedure was repeated three times. The final pellet was resuspended in 240 ml bicarbonate and centrifuged in rotor SS 34 of the Sorvall centrifuge at 12,000 g for 20 min. This crude preparation suspended in NaHCOj was added to a 81% (w/v) sucrose solution. The resulting density in the final volume was 1.22. 13 ml of the latter suspen sion was transferred to a tube of the SW 27 rotor of the Spinco preparative ultracentrifuge. The following sucrose solutions in volumes of 5.6 ml were layered on top of the sample: d 1.20, d 1.18, d 1.16, d 1.14. Centrifugation was performed at 27,000 rpm for 150 min.
In some experiments the crude preparation resuspended in 40 ml bicarbonate was incubated with a mixture of 50 Mg trypsin and 50 Mg chymotrypsin per ml at 0°C for 5 hr.
After 5 hr of incubation, 4 mg trypsin inhibitor was added and the suspension was centrifuged at 12,000 g for 20 min. The pellet was processed as described above. A sucrose layer with a density of 1.08 was added. The volume of each layer was reduced to 4.8 ml. Preparations were collected by puncturing the tube walls at the appropriate interface.
Chemical determinations
Protein was measured according to Lowry et al. (1951) using bovine serum albumin as S ta n d a rd . Pj was determined by the method of Fiske et al. (1925) . Lipids were extracted as described by Folch et al. (1957) and a factor of 25 was used to convert Mg phosphorus to Mg phospholipid. Cholesterol was measured ac cording to Zlatkis et al. (1953) at carefully controlled temperature conditions.
The spectrophotometric method for the micro-determination of hexosamine as developed by Dische et al. (1950) was used. Sialic acid content was measured according to Warren (1959) applying appropriate correction for deoxyribose contamination, RNA was estimated by the Schmidt-Thannhauser method (1945) .
Enzyme assays
The following enzymic activities were assayed according to the methods given in the references. Total ATPase activity and Na-K ATPase activity were determined as described by Bonting et al. (1961) . 5 '-mononucleotidase was measured as de scribed by Persijn et al. (1970) .
Acid phosphomonoesterase was assayed according to Bessey et al. (1946) and alkaline phosphatase was determined with a continuous-flow method using p-nitrophenylphosphate as a substrate (Bessey et al., 1946 ) and 2-amino-2-methylpropanol-1 as a buffer.
Gel electrophoresis
Polyacrylamide SDS gel electrophoresis was carried out according to Weber et al. (1969) .
Polyacrylamide urea gel electrophoresis was carried out as described by Bloe mendal, (1963) . The 'large-pore' type of gel columns was used which contained 1% Triton X-100.
Electron microscopy
Membrane pellets were fïxed in the following solutions: (a) 6% gluteraldehyde in 0.1 M phosphate buffer, pH 7.2 and postfixed in 2% 0 s0 4 in the same buffer. (b)6% gluteraldehyde in 0.1 M cacodylate buffer, pH7.2, and postfixed in 2% 0s0 4 in the same buffer. The blocks after repeated washing in Michaelis buffer, pH 5, were stained in 2% uranyl acetate in the same buffer according to Farquhar and Palade (1963) . (c) Lantanum nitrate and potassium permanganate solution according to Lesseps (1967) . All samples after dehydration were embedded in Vestopal W. Thin sections were examined either unstained or double-stained with uranyl acetate and lead citrate. Negative staining was performed on suspensions of membranes in 1.1% ammonium acetate using potassium phosphotungstate either at 37°C or at room temperature.
Freeze-etching of unfixed material was performed in a Balzers apparatus. Some samples were resuspended in 25% glycerol. The etching time was 1-2 min at -100°C. Electron microscopical observations were made with an EM 300 Philips using 80 kV acceleration voltage. In order to prevent contamination a cooling device was routinely applied.
RESULTS AND DISCUSSION

Structural features o f the isolated fractions
The characterization of the lens fïbre plasma membrane-rich fraction is based on electron microscopic observations on thin sections of several embedded samples. The crude preparation consists of fïbre ghosts still adhering to each other.
Within the ghost some ribosomal clusters and intricate mesh work of filaments adhering to the inner surface of the plasma membranes are visible ( fig. 1) . Fig.2 illustrates the most common and characteristic structural feature of the fraction found at the interface between densities 1.14-1.16. It can be seen that the material mainly consists of large fragments of membranes having a triple layered structure ( fig.2, insert) . In this fraction no other recognizable structures such as mitochondria, rough endoplasmic reticulum vesicles or nuclear fragments have been observed. The plasma membranes isolated from two adjacent lens fibres are either running parallel to each other or forming large circular profiles containing vesicular elements of various shape and dimension. These vesicles very likely originate from projections or infolding of the limiting membranes of the lens fibres in specialized regions of the cell surfaces. In addition a large number of junctional complexes are also present. The most common type is characterized by a penta-layered structure resulting from the tight contact of the two adjoining plasma membranes ( fig.2 and insert). The central region of the junction, regardless the type of fixation or embedding technique, seems to lack the clea.r separation by a uniform 20-30 A space as it has been described.in the true gap-junction in other tissues (c.f. Benedetti et al., 1971) . The intermediate dense lamina is interrupted by a series of narrow intervals, interspaced by tiny regions of fusions of the two outer leaflets. Studies 'still in progress (to be published elsewhere: Dunia et al., 1972) on freeze-etched isolated plasma membranes provide further evidence for the peculiar feature of the junction found in this material. Fig.3 shows an en-face view of freeze-etched iso lated lens plasma membranes. At the upper region (PM) the replica reveals that the fracture plane has probably passed throughout the middle of one plasma membrane adjacent to the junctional region. The exposed fracture surface dotted by clusters of particles probably corresponds to the inner aspect of the juxtacytoplasmic leaflet. The fracture then has passed through the junction along its middle region (J). Two cleavage planes are now visible which are not usually seen in other membrane regions. The upper exposed. fracture face (Jj) has a rather smooth appearance and is dotted only with a few particles. This layer which may correspond to the interlocking material present in the middle layer, appears to be interrupted in a number of places. Somewhere the fracture has removed from the upper layer very irregularly shaped plaques and exposed the inner face dotted by a number of closely packed particles (J2). In other regions small round-shaped plaques have been chipped off from the upper layer (J^) and arrays of hexagonally packed subunits are exposed.
Up till now it was generally accepted that the junctions found in lens tissue were true occluded zones or tight junctions (Cohen, 1965; Leeson, 1971; Gorthyetal., 1971) . Howéver, our present observations do not allow this conclusion. The tight junctions studie d by freeze-etching in other tissue than lens are usually characterized by the presence of interconnected series of concertina-like ridges and of corresponding arrays of interconnected furrows (Chalcroft et al., 1970) . This last feature has never been found so far in isolated lens fibre membranes. The structural organization of the lens junction differs also in some respect from the true gap junction present in glandular epithelium such as liver cells. In fact a large fracture surface showing a hexagonal lattice of repeating subunits with 90 A center-to-center distance characteristic for the gap junction (c.f. Benedetti et al., 1971) has not yet been observed in our material. It is likely that specific junctions found in different tissues are related to some functional requirement. In lens cortex the remarkable and extensive presence of a peculiar type of junction may be consistent with a suitable design insuring high transport of metabolites and ions from the epithelial monolayer throughout the entire lens and mechanical strength of lens fibres counteracting lens accommodation.
In the fraction found at the interface between densities 1.16-1.18, membrane fragments showing the same morphological feature as described above are present. Moreover, two other components are observed. One is represented by ribosomal clusters adhering to the membranous sheets via a few monomers (fig.4) . The plasma membrane nature of the membranous sheet where polyribosomes are attached could be deduced by the presence of junctional complexes interspaced between the membrane segments. The other component is mostly fibrillar and forms an intricate mesh-work. The filaments have a thickness of about 50 A. They run in different directions and mostly end at the inner surface of the plasma membrane fragments. The attachment of these filaments to the inner surface of the junctional complexes is less obvious.
When the crude preparation of lens membranes is treated with trypsin and chymotrypsin, a membrane fraction is again located at the interface between d 1.14 and d 1.16. In contrast with the untreated membrane preparation, the fraction at the interface between d 1.16 and d 1.18 has almost disappeared. Moreover, a rather thick layer at the interface between d 1.08 and d 1.14 is observed. This fraction consists of large membranous fragments having the unit membrane appearance and forming vesicular profïles of various shape and dimension ( fig.5 ). Many junctional complexes are present in this fraction showing the penta-layered structure (compare the insert). The trypsin treatment seems to affect the attachment of the polyribo somes and fibrillar material to the plasma membranes since both components are no longer found in the isolated fractions. In addition, the removal in variable proportions of protein from the membranes (compare table 1) probably affects the buoyant density of the membrane fragments which originate from the plasma membranes and have been found as main constituents in the interface between the d 1.08 and d 1.14 layer. 
Electrophoretic characterization
The conunon procedure to determine the number and variety of membraneprotein components is polyacrylamide gel electrophoresis. Membrane proteins are, as a rule, separated more easily in a detergent than in a non-detergent gel system. In urea-containing gels at alkaline pH the water-soluble lens proteins dissociate into a number of polypeptide chains (Bloemendal et al., 1962) . If this method is applied to solubilized plasma membranes two bands are localized in the same position as the acidic polypeptide chains of a-crystallin. Staining for Upoprotein and glycoprotein reveals that a third component on this type of gels is membrane specifïc (flg.6). Since these stainings occur in exactly the same position it is hard to draw definite conclusions concerning the nature of this component. Either of the three following possibilities may be envisaged.
(1) The band represents a lipo-glycoprotein.
(2) Either a lipid or a sugar residue is linked to the same protein.
(3) A lipid or a sugar residue is linked to different proteins resulting in two compo nents with the same electrophoretic mobility. Polyacrylamide electrophoresis on SDS gels allows a clearcut separation of water-soluble lens proteins from membrane protein ( fig.7) . Despite extensive washing of the membrane preparation, as described in the Methods section, watersoluble lens protein components are detected in all electropherograms (compare fig.7a with 7b-e). Especially a-crystallin seems to be tightly bound to membranes. In this connection it has to be mentioned that Bracchi et al. (1971) demonstrated a selective binding of aged a-crystallin to lens fïbre ghosts. One may question whether this interaction between the crystallins and the plasma membrane is an essential feature of the lens whose main function is its role in vision. The possibility exists that controlled interaction between crystallins and membrane components is a structural requirement for the maintenance of correct refraction. Trypsin treatment of the lens membranes has a striking effect on the electrophoretic band pattern (compare fig.7e ). The high molecular weight components virtually disappear while the mobility of the predominant band (PB) slightly increases. On the other hand the so-called B chains of a-crystallin (Bloemendal, 1969) seem to be unaffected by trypsin. The strong interaction between watersoluble lens crystallins and the membranes is further demonstrated by the observation that 7 M urea treatment of the solubilized membranes does not result in complete removal of the crystallins ( fig.7c ). In conclusion purifïed lens membranes apparently contain one predominant component (PB) which always has a fuzzy appearance. The molecular weight of this component has been estimated at approximately 38,000 dalton by the method of Shapiro et al. (1967) .
Biochemical characterization
A number of chemical characteristics of isolated lens plasma membrane fractions are summarized in table 1. From the values listed it appears that the molar ratio of cholesterol to phospholipid is higher than in liver plasma membranes (Emmelot et al., 1964; Ashworth et al., 1966) and lower than in erythrocyte ghosts and myelin (Ashworth et al., 1966) .
The total lipid content is comparable to that reported for highly purified rat liver plasma membranes (Coleman et al., 1967) .
Neuraminidase liberates 73% of the total sialic acid content as in rat liver plasma membranes (Benedetti et al., 1968) . After mild proteolytic treatment neuramini dase action releases almost 93% of terminal sialic acid. Presumably sialic acid is better exposed after this treatment. This observation seems to be consistent with the fact that after trypsin digestion the sugar non-terminal residues of the cell surface are more easily accessible to phytagglutinin-binding (Nicholson, 1971) . The RNA content is very low in the membrane fraction which concentrates at the interface between d 1.14 and d 1.16. As expected in the d 1.16-d 1.18 layer where ribosomal clusters were observed, the RNA content is somewhat higher. Preliminaiy enzymatic estimation of Na+-K+ ATPase revealed that in the isolated membranes from the lens cortex only residual activities are present. This is in agreement with earlier observations of Bonting et al. (1961) , who found that this enzyme exists with high specific activity only in the epithelium where active transport is located. Acid phosphatase occurs with specific activity of 8.4 units/mg protein in the lens cortex plasma membrane.
Whether this activity is due to lysosomal contamination cannot be completely ruled out. However, the lysosomal structure has not so far been demonstrated in the isolated lens plasma membrane preparation. Acid phosphatase has been reported to be more concentrated in the epithelium than in other lens regions (Gorthy et al., 1971) . Acid phosphomonoesterase activity has been found in liver plasma mem branes (Emmelot et al., 1964) where lysosomal contamination could be excluded by other enzyme markers. Therefore, it is not unlikely that acid phosphomono esterase can also be considered to be an intrinsic lens plasma membrane enzyme.
5'-Nucleotidase could only be detected as trace amounts. The value is even lower than that found in hen erythrocyte plasma membranes (Zentgraf et al., 1971 ).
CONCLUSIONS
The vertebrate eye lens fibre provides a unique cell system which comprises essentially one kind of membrane namely the plasma membrane. Plasma membrane fractions have been isolated from the cortical region of calf lenses using discontinuous density gradiënt centrifugation. Electron microscopy studies revealed a high degree of homogeneity of the plasma membrane fraction which accumulated at the interface between densities 1.14 and 1.16. Membranes bearing ribosomal clusters gathered at the interface between densities of 1.16 and 1.18. After trypsin treat ment of the crude membrane preparation a purified fraction concentrated at the interface between densities of 1.08 and 1.14. The isolated membranes are characterized by the presence of a peculiar type of junction which can be distinguished both from the true tight junction and from the gap junction found in various epithelial tissues.
Electrophoresis on SDS-containing polyacrylamide gels allows distinction between structural lens proteins (crystallins) and membrane proteins. The latter have a higher molecular size than the polypeptide chains of the crystallins. The number of specific membrane-protein components is limited. This result is in agreement with the concept reported for other types of membranes by Hinman et al. (1970) . On the other hand, strong interaction between the crystallins and lens plasma membranes is observed. For the time being the question whether this interaction is functional cannot be answered.
Preliminary findings of Broekhuyse (1971) revealed that duringlens differentiation a drastic change in lipid composition occurs. It may be expected that the method described in the present paper will enable a better characterization of the changes of membrane structure and composition during cell differentiation, a process which takes place in the lens throughout its whole life span.
